1. Introduction
===============

Systemic lupus erythematosus (SLE) is one of the most relevant worldwide autoimmune disorders with a broad spectrum of autoimmune phenomena, clinical symptoms, and unknown etiology^\[[@R1]\]^ SLE diverse presentations range from arthritis and malar rash through anemia and thrombocytopenia to nephritis, serositis, seizures, and psychosis^\[[@R2]\]^ Complex interactions between environmental, genetic, and hormonal factors have been linked with the phenotype and progression of SLE^\[[@R3]\]^ One such environmental factor is vitamin D, a steroid hormone recognized as essential for bone and mineral homeostasis. Sun exposure is the major source of vitamin D, but it is also available in some foods and supplements. Recently, the function of vitamin D has been further studied to include this molecule as a pleiotropic regulator of human physiology, as playing a pivotal role in cardioprotection, cancer chemoprevention, and immune system modulation^\[[@R4]\]^ Several epidemiological studies have revealed that vitamin D deficiency could contribute to the risk of autoimmune diseases like SLE.^\[[@R5],[@R6]\]^

1, 25-dihydroxyvitamin D3 (calcitriol), the most active natural vitamin D metabolite, mediates its biological effects through the vitamin D receptors (VDRs) located at the nuclei of the target tissues^\[[@R7]\]^ In addition to cells in the gut and bone, the presence of VDRs on immune cells suggests that vitamin D also has modulating effects on both the innate and adaptive immunity^\[[@R8]\]^ At the molecular level, 1, 25-dihydroxyvitamin D3 inhibits the accumulation of mRNA for interleukin-2, interferon-γ, and granulocyte-macrophage colony-stimulating factor. At the cellular level, the hormone interferes with T helper cell function, reducing its induction of immunoglobulin production by B cells^\[[@R5]\]^ In addition, calcitriol inhibits the differentiation and maturation of dendritic cells and promotes their apoptosis, thus preventing their transformation into antigen-presenting cells leading to suppression of dendritic cell-dependent T-cell activation^\[[@R5]\]^ These suppressive immunologic properties have raised a great deal of interest in a possible role of vitamin D in SLE pathogenesis.

Previous studies have reported a high prevalence of vitamin D insufficiency and deficiency in patients with SLE^\[[@R9],[@R10]\]^ Furthermore, low vitamin D levels were associated with higher disease activity in Egyptian, Malaysian, European, Israeli, and Chinese cohorts^\[[@R11]--[@R14]\]^ Despite these studies, the association of vitamin D levels with SLE does not constitute proof of cause. One way to clarify the issue of causation involves a genetic approach. The VDR gene is located on chromosome 12q and contains \>470 single-nucleotide polymorphisms, some of which modulate 1, 25-dihydroxyvitamin D3 uptake^\[[@R15]\]^ Four major polymorphisms (BsmI, ApaI, TaqI, and FokI) have been described, although their influences on VDR function are still unknown.^\[[@R16]\]^

We therefore designed this study to investigate the BsmI polymorphisms in the VDR gene, for the first time in Egyptian children and adolescents with SLE, to determine whether this polymorphism could be a marker of susceptibility to or severity of SLE and we also measured the serum level of 25-hydroxyvitamin D (25\[OH\] D) to assess its relation to such polymorphism.

2. Methods
==========

This was a prospective case--control study performed in Zagazig University Hospitals, Pediatrics and Rheumatology Departments, and outpatient clinics in the same hospitals from May 2013 to April 2016. This study was approved by the ethical committee of Zagazig University, Egypt, and written informed consent from parents was provided in accordance with the Declaration of Helsinki.

One hundred unrelated patients with definite SLE diagnosed according to the 1997and 2012 revised American College of Rheumatology (ACR) criteria for SLE^\[[@R17]\]^ were recruited sequentially in this study. The mean age of patients with lupus was 11.5 years (range: 8--18 years), and median disease duration was 30 months.

2.1. Exclusion criteria
-----------------------

Patients with associated liver diseases, malabsorption, and patients received vitamin D, or calcium supplementations during the past three months and those who met criteria for other autoimmune diseases. All patients who were on dialysis were also excluded.

One hundred unrelated healthy children, of comparable age and sex, who attended our Pediatric Department for preoperative evaluation for elective surgery, were enrolled as control group. Patients and controls belonged to the same ethnic group: African whites. All patients and controls included were subjected to proper history-taking, and thorough clinical examination.

Clinical manifestations of SLE included the presence of malar rash, photosensitivity, discoid rash, mucosal ulcers, arthritis, nephritis, serositis, and neurological disease (defined as seizures, lupus headache, or psychosis). The laboratory evaluation included the presence of hematological disorders (thrombocytopenia, leukopenia, lymphopenia, or hemolytic anemia), positive antinuclear antibody (ANA), or other autoantibodies such as antibody to double-stranded DNA antigen (anti-dsDNA).

Disease activity was assessed using the SLE Disease Activity Index (SLEDAI)^\[[@R18]\]^ at the time of the study visit (with scores \<3 representing low, 3--10 moderate, and \>10 high disease activity). Renal disease was defined by histopathological pattern on renal biopsy according to the WHO classification system^\[[@R19]\]^ Patient demographics and medication use were also collected.

2.2. Blood sampling
-------------------

For all subjects, blood samples were collected at the time of medical consultation, between 9 [am]{.smallcaps} and 11 [am]{.smallcaps}, after an overnight fasting and divided into 2 portions: 2 mL of whole blood was collected into tubes containing ethylenediaminetetraacetic acid, for genomic DNA extraction. Sera was separated immediately from remaining part of the samples and stored at −20°C till the time of analysis.

2.3. Estimation of serum 25(OH)D levels
---------------------------------------

Serum 25(OH) D levels were measured using a commercial ELISA kit according to the manufacturer\'s instructions (Immunodiagnostic Systems Inc., Fountain Hills, AZ). Vitamin D deficiency was considered as levels of 25(OH) D \<30 ng/mL and severe deficiency for levels \<10 ng/mL.^\[[@R20]\]^

2.4. Genomic DNA extraction
---------------------------

Genomic DNA was extracted from peripheral white blood cells using a genomic DNA extraction kit (Puregene Blood Kit, Gentra, Valencia, CA) according to the manufacturer\'s protocol. DNA quantification was done using an Eppendorf Bio Photometer (Hauppauge, NY). DNA was stored at −20°C before genotyping.

2.5. Genotyping of *VDR* gene polymorphisms
-------------------------------------------

All subjects were genotyped for the BsmI polymorphism in intron 8 of the VDR gene by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) methodology. An 825-base-pair region was amplified by using the sense primer 5′-CAACCAAGA CTACAAGTACCGCGTCAGTGA-3′ and the antisense primer 5′AACCAGCGGG AAGAGGTCAAGGG-3′ as previously described.^\[[@R21]\]^

2.6. Statistical analysis
-------------------------

The VDR BsmI genotype and allele frequencies in SLE patients and controls were tested for Hardy--Weinberg equilibrium. The *χ*^2^ test was used to determine differences in the frequencies of the different VDR BsmI genotypes between SLE patients and healthy controls. The odds ratio (OR) and 95% confidence interval (95% CI) were calculated for disease susceptibility in relation to the studied *VDR* gene variants. Logistic regression analyses were performed to evaluate possible associations between *VDR BsmI* gene variants and clinical manifestations of SLE, disease activity score, and serum 25(OH)D level. The Student *t* test and analysis of variance were used to compare numeric variables within groups, depending on the distribution of the data. *P* value \<0.05 was considered to be statistically significant. All data were analyzed using Statistical Package for Social Sciences version 22.0 (IBM Corp., Armonk, NY) and the Epi Info statistical software (version 6.2, World Health Organization, Geneva, Switzerland).

3. Results
==========

Our study included 100 patients with SLE, their age ranged from 8 to 18 years (median 11.5 years), and their mean age at diagnosis was 8.6 ± 1.9 years with median disease duration 30 months. Of these patients, 95 were females (95%) and 5 were males (5%). The control group were age-, sex-, and ethnicity-matched to patients with SLE (*P* \> 0.05). The clinical manifestations and laboratory findings of SLE patients according to revised ACR criteria for classification of SLE^\[[@R17]\]^ are shown in Table [1](#T1){ref-type="table"}. The main clinical manifestations they had were malar rash (87%), photosensitivity (67%), mucosal ulcers (35%), arthritis (43%), nephritis (38%), hematologic abnormalities (76%), neurologic involvements (9%), serositis (7%), and immunologic disorders (83%). On admission, all patients were receiving steroids, 69% were on immunosuppressant, and 43% were on hydroxychloroquine. The mean SLEDAI score of patients was 5.6 ± 1.9 (Table [1](#T1){ref-type="table"}).

###### 

Baseline demographic, clinical, and laboratory features of patients with systemic lupus erythematosus.

![](medi-95-e5233-g001)

Distribution of VDR BsmI genotypes, alleles, and serum 25(OH)D levels in patients with SLE and controls are summarized in Table [2](#T2){ref-type="table"}. Both groups were in Hardy--Weinberg equilibrium, with no significant *χ*^2^ values for the observed and expected genotype frequencies.

###### 

Distribution of the VDR BsmI genotypes, alleles, and serum 25-hydroxyvitamin D in patients with systemic lupus erythematosus and controls.
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The VDR BsmI genotype distribution differed between patients with SLE and healthy controls. The BB and Bb genotypes were overrepresented among SLE patients, compared with healthy controls (16% vs. 9% for BB genotype; and 73% vs. 57% for Bb genotype, *P* \< 0.01, respectively; Table [2](#T2){ref-type="table"}). The risk of SLE was significantly higher among patients carrying the VDR BsmI BB or Bb genotypes than patients carrying the bb genotype (OR: 5.5; 95% CI: 1.9--15.9; *P* = 0.002 and OR: 3.9; 95% CI: 1.85--8.49; *P* = 0.0004; respectively); Table [2](#T2){ref-type="table"}.

Of note, we found a significant increase in the frequency of the B allele among SLE patients (52.5%, OR: 1.84; 95% CI: 1.21--2.80; *P* = 0.003), where a concomitant significant decrease in the frequency of the b allele was observed compared to the control group (47.5%, OR: 0.54; 95% CI: 0.36--0.82); Table [2](#T2){ref-type="table"}.

We found a significant association between VDR BsmI BB genotype with lupus nephritis (OR: 6.8; 95% CI: 1.18--50.5; *P* = 0.001; Table [3](#T3){ref-type="table"}). However, we did not observe any significant association of studied polymorphisms with other clinical manifestations of SLE or disease activity score (all *P* \> 0.05). No significant association was evident between *VDR BsmI* gene variants and the presence of ANA or anti-dsDNA (Table [3](#T3){ref-type="table"}).

###### 

Association of the VDR BsmI genotypes with clinical, laboratory features, and serum 25-hydroxyvitamin D levels in patients with SLE.
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Our data showed that 57 (57%) of studied SLE patients were vitamin D-deficient with 17% being severely deficient; meanwhile, 43 (43%) patients had normal vitamin D level. However, 21 (21%) of the control group were vitamin D-deficient and 79 (79%) had normal serum vitamin D level (*P* \< 0.01; Fig. [1](#F1){ref-type="fig"}). The risk for vitamin D deficiency was 4.9-fold higher in SLE patients than in healthy controls (OR = 4.9; 95% CI: 2.56--9.78, *P* \< 0.01; Fig. [1](#F1){ref-type="fig"}).

![Vitamin D status among studied subjects.](medi-95-e5233-g004){#F1}

As expected, we found that patients with SLE had significantly lower mean serum 25(OH)D levels than did healthy controls (21.5 ± 1.2 vs. 33.7 ± 1.5; *P* \< 0.01 respectively; Table [2](#T2){ref-type="table"}). However, we could not find any significant association between VDR BsmI genotypes or alleles and serum 25(OH)D levels among studied patients with SLE (all *P* \> 0.05; Table [3](#T3){ref-type="table"}).

4. Discussion
=============

SLE is a multisystemic autoimmune disease linked to loss of immune tolerance to self-antigens and the production of a diversity of autoantibodies.^\[[@R22]\]^ Childhood-onset SLE is known to confer a worse prognosis than adult disease in terms of disease activity, organ damage, and mortality.^\[[@R23]\]^ Many of the observed immunological aberrations in SLE such as defective T-cell regulation of B-cell function, overproduction of autoantibodies, and reduced phagocytic clearance of immune complexes are opposite to the actions of vitamin D.^\[[@R24]\]^ Experimental work confirmed that administration of vitamin D ameliorates inflammation in animal models of autoimmune disorders including lupus.^\[[@R25]\]^ The discovery that VDR is expressed on cells of the immune system, such as monocytes, dendritic cells, macrophages, and activated T cells,^\[[@R26]\]^ suggests that functional polymorphisms in the *VDR* gene may modulate the immune system and an individual\'s susceptibility to developing SLE. To the best of our knowledge, this is the first evaluation of the association between the VDR BsmI gene polymorphisms and the susceptibility to SLE in Egyptian children and adolescents.

In the present study, we found a significant difference in the genotype and allele frequencies of the VDR BsmI polymorphisms between patients with SLE and the control group. The BB genotype and B allele were overrepresented in patients with SLE compared to the control group. In addition, we observed that homozygous individuals with the BB genotypes had a 5.5-fold higher risk for developing SLE, thus revealing that patients were more susceptible to SLE. Moreover, we found that the BB genotype constituted a risk factor for the development of nephropathy among studied patients with SLE (OR: 6.8; *P* \< 0.01). However, we did not find any significant association of the VDR BsmI gene variants with other clinical manifestations, laboratory profiles of SLE, or disease activity index score. Studies concerning the association of VDR BsmI gene polymorphism with SLE in children and adolescents are limited; conflicting results are often inferred from adult studies.

Our results confirm and extend the previous findings of Emerah et al^\[[@R27]\]^ who studied the *VDR* gene SNPs on genomic DNAs of 107 Egyptian women with SLE, compared to 129 ethnicity-matched controls. The authors reported that carrying the BB genotype or at least carrying one B allele were associated with the risk of developing SLE in Egyptian women. They suggested a significant association of VDR polymorphisms with lupus nephritis. However, we did not find any association between VDR BsmI gene variants and SLE activity scores as they did which may be explained by the younger age group and shorter disease duration among our studied SLE patients.

A recent meta-analysis of 4 previous studies in Asian populations reported a positive association between BsmI VDR polymorphisms and susceptibility to SLE.^\[[@R28]\]^ Huang et al^\[[@R29]\]^ observed that Chinese patients with SLE exhibited significantly higher frequencies of the VDR BsmI B allele and BB genotype than did control subjects. However, they did not detect any associations of VDR genotype with the clinical, laboratory profiles, or lupus nephritis. In a Han Chinese population, Luo et al^\[[@R30]\]^ confirmed that the frequencies of the VDR BsmI B allele, but not BB genotype, were significantly more common in their SLE patients group than in their control group. The authors added that the VDR B allele was associated with the development of nephritis and the downregulation of VDR mRNA expression, thus influencing the immunomodulatory function of VDR. Ozaki et al^\[[@R31]\]^ reported BsmI polymorphisms in 58 Japanese SLE patients; their findings revealed that the BB genotype might trigger the development of lupus and the bb genotype was associated with lupus nephritis. Carvalho et al^\[[@R32]\]^ suggested a possible role of VDR gene polymorphisms in Portuguese patients with SLE as a positive association was found between VDR gene variants and lupus severity (chronic damage).

By contrast, Abbasi et al^\[[@R33]\]^ reported that the distribution of the VDR BsmI genotypes and alleles did not differ significantly between patients with SLE and healthy subjects living in northeastern Iran. This research added that no association was detected between the VDR BsmI genotype and organ involvement or laboratory profiles, SLE disease activity index, and SLE damage score. Another similar study by Sakulpipatsin et al^\[[@R34]\]^ did not find any association between *VDR* gene BsmI polymorphisms and susceptibility to SLE in 101 Thai female patients with lupus compared to 194 healthy control subjects. Mostowska et al^\[[@R35]\]^ demonstrated no association of the FokI, BsmI, ApaI, and TaqI polymorphisms with an individual\'s susceptibility to SLE in a Polish population. Monticielo et al^\[[@R36]\]^ indicated that the BsmI and FokI VDR polymorphisms were not risk factors for SLE, and vitamin D deficiency seems not to have a direct effect on clinical or laboratory expressions of disease in a Brazilian-European cohort with SLE.

Discrepancies between previously published studies and ours might be explained by the differences in age group; study design or geographic/ethnicity, or by gene--gene or gene--environmental interactions. The genetic predisposition to SLE could be polygenic, with many variants in multiple gene loci, playing an important role.

The *VDR* gene polymorphisms could lead to significant receptor dysfunction, which may affect calcium metabolism, cell proliferation, and the immune response.^\[[@R37]\]^ Thus, genetic variation on the *VDR* gene can modify the immunomodulatory action of vitamin D and may have an effect on the clinical manifestations of lupus.^\[[@R38]\]^ However, it is possible that the VDR BsmI SNP may not be functional by itself, but may be in linkage disequilibrium with other functional mutations as several mutations occurring in this intronic region have been associated with various autoimmune diseases.^\[[@R28]\]^ In other words, this polymorphism may either have a direct effect on transcription or may represent linkage disequilibrium with another yet-to-be-identified marker. Further measurements of serum 25-hydroxyvitamin D levels and genotyping of other VDR gene polymorphisms (such as ApaI, TaqI, and FokI) should be examined in children and adolescents with SLE to confirm our findings in different populations.

In an experimental murine lupus model, mice received 1, 25-dihydroxyvitamin D3 supplementation, did not develop skin lesions or alopecia, and had less proteinuria^\[[@R39]\]^ In vitro studies demonstrated that 1, 25-dihydroxyvitamin D3 inhibits proliferation and induces apoptosis of activated B lymphocytes isolated from patients with SLE.^\[[@R40]\]^ In addition, plasma cell differentiation and immunoglobulin secretion were lower in the presence of 1, 25-dihydroxyvitamin D3. Dendritic cells are antigen-presenting cells critical to lupus pathogenesis. 1, 25-dihydroxyvitamin D3 inhibits interferon-induced dendritic cell differentiation and maturation, maintaining them in an immature phase with lower secretion of IL-12, actions that could have specific relevance in SLE^\[[@R41]\]^ 1, 25-dihydroxyvitamin D3 treated dendritic cells also have attenuated T-cell allostimulatory and chemotactic capacity.^\[[@R42]\]^

Low levels of vitamin D have been hypothesized to be a risk factor for the development of autoimmune disorders and persistence of disease activity.^\[[@R43]\]^ Several epidemiological studies have reported a high prevalence of vitamin D insufficiency and deficiency among adults with SLE.^\[[@R9],[@R10]\]^

In line with previous observations, this study demonstrates that vitamin D deficiency in our population was observed in 57% of all SLE patients with 17% being severely deficient despite the fact that our population resides in areas with plenty of sunny days. As expected, we found that patients with SLE had significantly lower mean serum 25(OH)D levels than did healthy controls. However, we could not find any significant association between VDR BsmI genotypes or alleles and serum 25(OH)D levels among studied patients with SLE. These results were concordant with those of Hamza et al^\[[@R11]\]^ who confirmed that low 25(OH) vitamin D status was frequent among Egyptian lupus patients, as 73.30% of their cases had low 25(OH) vitamin D levels, with 60% being insufficient and 13.30% being deficient. In Saudi Arabia, a strikingly higher prevalence of low 25(OH) vitamin D status was detected in a study by Damanhouri,^\[[@R44]\]^ wherein 89.7% of their SLE patients had deficient levels and 9.1% had insufficient levels. These findings are consistent with an earlier report by Wright et al^\[[@R45]\]^ who studied vitamin D status in children and adolescents with SLE between 5 and 21 years of age compared to 207 healthy controls. Severe vitamin D deficiency was observed in a significantly higher proportion of subjects with SLE (36.8% vs. 9.2%, *P* \< .001). They also found a significant inverse relationship between disease activity index and levels of 25(OH) D, particularly when it was \<20 ng/mL. A pilot study performed in Rio Grande do Sul, involving 68 patients with SLE, reported levels of 25(OH) D \<20 ng/mL in 20% of cases.^\[[@R46]\]^ Borba et al reported that there is an increased prevalence of vitamin D deficiency in Brazilian patients with SLE, especially those with the active disease.^\[[@R47]\]^

By contrast, one study reported that vitamin D status was not associated with SLE or disease activity index scores with the majority of participants being white (98%) and their SLEDAI scores being \<3 (81%).^\[[@R48]\]^

Children with SLE may be at high risk for vitamin D deficiency as a result of photosensitivity, with consequent sun avoidance and sunscreen use because sun exposure may exacerbate SLE. This practice further limits cutaneous vitamin D synthesis. In addition, chronic use of medications prescribed for SLE management may interfere with vitamin D metabolism. Physical inactivity secondary to fatigue or pain may also diminish sun exposure. Vitamin D autoantibodies were observed in SLE, but likely do not contribute to deficiency.^\[[@R49]\]^ Whether these low vitamin D levels play a role in the pathogenesis of SLE or a consequence of disease activity must be investigated further. It remains unclear whether vitamin D deficiency confers an increased likelihood to progress to a full autoimmune disorder in a genetically susceptible individual or whether vitamin D deficiency is permissive for increased immunologic activation and disease activity or both. Nontoxic immune modulatory modalities like vitamin D supplementation would be a welcome addition to the current agents used to manage autoimmune disorders including lupus.

However, the small sample size was one of our limitations in this study; we suggest that multicenter approaches may be necessary to attain larger sample size. A lack of detailed dietary intake and sun exposure data among studied patients was another limitation in our study.

5. Conclusion
=============

We demonstrate for the first time, to the best of our knowledge, that the VDR BsmI gene polymorphisms may contribute to susceptibility to SLE in Egyptian children and adolescents. Moreover, we found that the BB genotype constituted a risk factor for the development of nephropathy among studied patients with SLE. However, we did not find any significant association of the VDR BsmI gene variants with other clinical manifestations, laboratory profiles of SLE, disease activity index score, or serum 25(OH)D levels.

Finally, further studies and more genetic information on ethnicities from different parts of the world might reveal additional insights into the association of BsmI gene polymorphism in VDR with SLE, and elucidate the mechanism underlying the role of this locus in susceptibility to SLE.

Acknowledgments
===============

The authors thank the staff of Pediatric Department and Outpatient Clinics in Zagazig University Children\'s Hospital for their collaboration in sampling as well as our patients who participated in the study.

Abbreviations: CI = confidence interval, EEG = Electroencephalography, ELISA = enzyme-linked immunosorbent assay, FS = febrile seizure, IL-1 = interleukin-1, IL-1Ra = interleukin-1 receptor antagonist, IL-6 = interleukin-6, OR = odds ratio, PCR = polymerase chain reaction, RFLP = restriction fragment length polymorphism, SNPs = single nucleotide polymorphisms, TNFa = tumor necrosis factor- a.

Authors' contributions: SFA designed the study, and submitted the manuscript; MANA, AAE, and EAB conceived of the study and coordinated the sample collection and data analysis; MAAF and MEH wrote the discussion; YFA and NIA critically revised the manuscript and approve final version; HHG, RMN, LMK, NMA, and GMA performed laboratory analysis and genotyping; DSF and MIAH reviewed the results, and helped to draft the manuscript; SFA and HMA participated in the design of the study and performed the statistical analysis; MAN and ARA performed final revisions in response to reviewers' comments; All authors read and approved all the manuscript.

No funds were available for the current research

The authors declare that they have no conflicts of interest.
